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54a Sunday, February 26, 2012HP35 unfolds at extremely low force without well-defined unfolding transition
state. Subsequently, using the persistence length as an indicator, we found that
there are significant amount of residual secondary structures in the unfolded
HP35 even the two ends of HP35 has been extended up to 8 nm, indicating
that the secondary structures in HP35 are stable without the formation of ter-
tiary structure. Our results therefore suggest that retaining significant amount
of secondary structure in the unfolded state of HP35 may be an efficient way
to reduce the entropic cost for the formation of tertiary structure and increase
the folding speed, despite that the folding cooperativity is compromised. More-
over, we anticipate that the methods we used in this work can be extended to the
study of other proteins with complex folding behaviors and even intrinsically
disordered.
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Rationally enhancing the mechanical stability of proteins remains a challenge
in the field of single molecule force spectroscopy. Several strategies have been
developed successfully to rationally regulate the mechanical stability of pro-
teins. These strategies include rational control of the unfolding pathway by
disulfide bond formation, improving hydrophobic packing, reconstruction of
the force-bearing region of proteins, ligand binding, and engineered metal che-
lation. However, compared with the well-developed methods used to enhance
the thermodynamic stability of proteins/enzymes, these methods to enhance the
mechanical stability remain limited. Furthermore, these methods are only used
one at a time, and the resulted enhancement in protein mechanical stability is
also rather limited. Possible synergetic effects from more than one method
remain largely unexplored. Here we use single molecule force spectroscopy
techniques to demonstrate that it is feasible to use a ‘‘cocktail’’ approach for
combining more than one approach to enhance significantly the mechanical
stability of proteins in an additive fashion. As a proof of principle, we show
that metal chelation and protein-protein interaction can be combined to enhance
the unfolding force of a protein to ~450 pN, which is >3 times of its original
value. This is also higher than the mechanical stability of most of proteins stud-
ied so far. We also extend such a cocktail concept to combine two different
metal chelation sites to enhance protein mechanical stability. This approach
opens new avenues to efficiently regulating the mechanical properties of pro-
teins, and should be applicable to a wide range of elastomeric proteins.
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Synaptotagmin 1 (Syt1) is one of the membrane-trafficking proteins and is
characterized by an N-terminal trans-membrane region (TMR), a
variable linker, and two C-terminal C2 domains - C2A and C2B. Both C2A and
C2B domains have important roles in the fusion steps of synaptic vesicles [1].
Despite being very similar in structure and homologous in sequence, number of
studies have shown that C2A and C2B have distinct biochemical and biophys-
ical properties [2].
Electric fields are proving to be important in investigating the stability of the
biomolecules [3]. Since many biological processes involve local electric
fields, investigating the effect of the electric fields on the mechanical energy
landscapes is important. We will present the results of our recent computa-
tional investigations into the microscopic origins of the mechanical response
in C2 domains of Syt1 when external electric fields are applied. Uniform
electric fields were applied in two directions: along the pulling direction
and perpendicular to the pulling direction. We probed the degree of confor-
mational flexibility in each domain separately by determining intermediate
structures and force response to the unfolding. The results agree with the pre-
vious theoretical [4] and experimental findings [2] showing lower mechanical
stability in C2A than in C2B. Furthermore, we find that in both domains elec-
tric fields along the direction of the plane lowers the barrier for the first rup-
ture event.
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Free energy landscapes drive protein folding phenomena but are difficult to
measure directly. We measured the folding landscape of the prion protein
PrP, a protein notable for its ability to form infectious non-native structures, us-
ing single molecule force spectroscopy with optical tweezers. Folding/unfold-
ing trajectories of a single PrP molecule were observed directly by measuring
the extension of the molecule under an applied tension, under both equilibrium
constant-force and non-equilibrium force-ramp conditions. Native folding/un-
folding was found to be a two-state process. The height and location of the en-
ergy barrier between the two states were determined from the distribution of
unfolding forces in force-extension curves (FECs), and independently from
the force-dependent lifetimes measured at constant force. The full profile
of the landscape for native folding was then reconstructed from the FECs using
the Hummer-Szabo method (Hummer and Szabo, 2001; Gupta A.N., et al.,
2011). Because the landscape profile reconstructed this way is smoothed by
the elastic compliance of the measurement set-up, we recovered the actual
PrP folding landscape by using the measured point-spread function of the in-
strument to deconvolve the Hummer-Szabo result. The height and position of
the barrier in the deconvolved landscape profile agreed well with the single ref-
erence point provided by the unfolding-force and force-dependent lifetime
analyses, but the profile includes additional information about the width and
shape of the potential wells and barriers. We found that the native folding path-
way of PrP has an extended transition state, in agreement with mutational phi-
analysis (Hart et al., 2009). These results show how protein folding landscapes
can be recovered from non-equilibrium pulling experiments.
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Protein adsorption often plays the central role in a wide variety of processes oc-
curring in medicine, biochemistry and biotechnology. In order to develop novel
material coatings, a detailed insight into the underlying adsorption mechanisms
at the molecular level and the knowledge of thermodynamic parameters is of
great importance. So far, protein adsorption has been investigated in terms of
concentration, pH-value and temperature of the protein solution. However, vol-
ume effects on protein adsorption are still unknown in spite of their fundamen-
tal contribution to protein-interface interactions. in order to investigate volume
effects and protein conformational transitions, two model proteins, SNase and
lysozyme, were adsorbed onto silica nanoparticles and subjected to high hydro-
static pressures. At pressures up to 2500 bar, we have observed much smaller
volumes of protein unfolding in the adsorbed state as compared to the solution
behavior. These changes are directly linked to volume changes upon protein ad-
sorption at the aqueous-solid model interface.
273-Pos Board B59
Temperature-Pressure Stability and T-P Phase Diagram of Parvalbumin
Judit Somkuti1, Merima Bublin2, Heimo Breitender2, Laszlo Smeller1.
1Semmelweis University, Budapest, Hungary, 2Dept. Pahtophysiology
and Allergy Research, Medical University Vienna, Vienna, Austria.
Fish allergens can trigger life-threatening reactions in predisposed individuals,
which is especially important in countries where seafood is an integrate part of
the diet. The major fish allergen parvalbumins are abundant in the white muscle
of many fish species. Parvalbumin belongs to the family of EF-hand proteins
and has a globular shape containing six helical parts and two active Ca2þ bind-
ing sites.
High pressure is known to unfold proteins. We performed high pressure FTIR
experiments, to explore the T-p phase diagram of cod parvalbumin. This
method allows following the secondary structure of the protein as well as the
Ca2þ binding to the aspartic glutamic acid residues.
The infrared spectrum of parvalbumin is characteristic for the helical confor-
mation, in agreement with the crystal structure, but without adding Ca2þ we
found that the sample does not adopt the fully ordered structure. A marked tran-
sition in the structure of the parvalbumin was observed with the central point of
0.5 GPa (at room temperature). We assign this change to a native-molten glob-
ule transition on the basis of the position of the amide I band of the infrared
spectrum. This transition was reversible, which also supports the lack of com-
plete unfolding.
Sunday, February 26, 2012 55aTemperature experiments show a two-step unfolding of the protein. Above
45C we have molten globule kind of loosened structure, and the complete un-
folding occurs above 70C. The unfolding is accompanied with aggregation of
the protein. The aggregation can however be prevented by relatively low pres-
sure of 0.2 GPa.
Using the above phase transition points the T-p phase diagram of parvalbumin
was determined in presence of Ca2þ. It shows a very complex pattern, contain-
ing two different molten globule phases besides the native, unfolded and aggre-
gated ones.
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Regulation of protein function is often linked to conformational intermediates
that exist in equilibrium with the ground state. In many cases, these intermedi-
ate states exist as only a small fraction of the total protein conformational en-
semble. It has been shown that high hydrostatic pressure is an invaluable tool
for populating low-lying, excited states to levels amenable to spectroscopic de-
tection. Here we demonstrate the usefulness of high pressure for populating
such states as monitored by two novel techniques: High pressure electron para-
magnetic resonance spectroscopy (EPR) and high pressure circular dichroism
(CD). High pressure EPR was used in conjunction with site-directed spin label-
ing to monitor changes in local protein structure with applied pressure (up to
400 MPa). The relative partial molar volume and isothermal compressibility
of each conformational substate was determined from the pressure dependence
of the equilibrium constant determined from the continuous wave EPR spectra.
High pressure CD was employed to detect global changes in secondary and ter-
tiary structure at elevated pressure (up to 200 MPa). The combination of site-
specific and global information provided by these techniques provides a more
complete description of pressure excited intermediate states. Data from apo-
myoglobin and a cavity containing mutant (L99A) of T4 lysozyme are
presented.
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We report the partial molar volumes and adiabatic compressibilities of N-acetyl
amino acid amides and oligoglycines at glycine betaine (GB) concentrations
ranging from 0 to 4 M. We use these results to evaluate the volumetric contri-
butions of amino acid side chains and the glycyl unit (–CH2CONH–) as a func-
tion of GB concentration. We analyze the resulting GB dependences within the
framework of a statistical thermodynamic model and evaluate the equilibrium
constant for the reaction in which a GB molecule binds each of the functional-
ities under study replacing four water molecules. We calculate the free energy
of the transfer of functional groups from water to concentrated GB solutions,
DGtr, as the sum of a change in the free energy of cavity formation, DDGC,
and the differential free energy of solute-solvent interactions, DDGI, in a con-
centrated GB solution and water. Our results suggest that the transfer free en-
ergy, DGtr, results from a fine balance between the large DDGC and DDGI
contributions. The range of the magnitudes and the shape of the GB dependence
of DGtr depend on the identity of a specific solute group. The interplay between
DDGC and DDGI results in pronounced maxima in the GB dependences of DGtr
for the Val, Leu, Ile, Trp, Tyr, and Gln side chains as well as the glycyl unit.
This observation is in qualitative agreement with the experimental maxima
in the TM-versus-GB concentration plots reported for ribonuclease A and
lysozyme.
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The environment inside cells is vastly different from the dilute, idealized con-
ditions used in nearly all biophysical studies. Cells are exceptionally complex
and contain macromolecules at concentrations exceeding 300 g/L. There are at
least two profound consequences of the cellular environment that impact glob-
ular proteins. First, cells are highly ‘‘crowded’’. The resulting decrease in avail-
able volume should increase protein’s stability. Second, because the bulk
concentration of protein functional groups in cells is so high, nonspecific inter-
actions between a protein and other cellular components, even if weak individ-
ually, can sum to large net, typically destabilizing, effects. in other words,
crowding is a battle between the excluded volume effects and nonspecific inter-actions. We aim to identify the winner in different crowding environments,
starting with inert synthetic polymers, moving to homogeneous protein crow-
ders and ultimately to the endogenous cellular components of bacteria. We
have already shown that excluded volume plays a predominant role for syn-
thetic polymers, but nonspecific interactions with the test protein are stronger
for more biologically relevant crowders.
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There is considerable interest in developing new effective therapies based
on small molecules for the treatment of devastating pathologies, such as
Alzheimer, Huntington and Parkinson diseases. Osmolytes are a class of small
organic molecules found in all taxa that can profoundly affect protein stability
and aggregation. Osmolytes such as sorbitol or trimethylamine-N- oxide can
act as ‘‘chemical chaperones’’ by increasing the stability of native proteins, as-
sisting refolding of unfolded polypeptides, inhibiting protein aggregation.
However, the mechanism of protecting osmolytes action on protein folding
and stability remains controversial, where the protein backbone seems to
play a key role. Here we used single-molecule AFM to systematically analyze
the effect of several naturally occurring osmolytes (sorbitol, sarcosine, TMAO,
inositol, trehalose, proline, glycerol, and taurine) on the stability and folding
kinetics on PKD domains which are normally exposed to high urea concentra-
tions in the kidney. Our approach enables us to directly quantify the effects of
osmolytes on the folded state and on the exposed protein backbone in the
absence of chemical denaturants. Here we show that a mixture of different pro-
tecting osmolytes (e.g. 0.5M sorbitol þ 0.5M sarcosine) counteracts the effects
of 1M urea equally well as 1M sorbitol on the unfolding/refolding rates. These
results indicate an additive effect of these protecting osmolytes on domain sta-
bility. However, we also found osmolytes mixtures that work synergistically on
protein stability. Our results demonstrate a robust approach to study the mech-
anism of action of osmolytes at the single protein level.
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Solutes have a broad range of effects on biopolymer processes, forming a spec-
trum from destabilizers like urea to more stabilizing osmolytes like proline,
glycine betaine (GB) and KGlutamate to secondary structure inducers like tri-
fluorethanol. To explain these effects and develop these solutes as probes of
interface formation and large scale conformational changes in protein and
DNA processes, we quantify the thermodynamics of their competition with
water to interact with different types of biopolymer surface (e.g. aliphatic
and aromatic C, polar and charged O and N) using model compounds display-
ing one or more surface type. Preferential interactions between the solutes and
model compounds relative to their interactions with water are determined by
osmometry or solubility and dissected using a novel coarse-grained analysis
to obtain interaction potentials quantifying the solute’s interaction with each
significant type of biopolymer surface. Microscopic local-bulk partition coeffi-
cients Kp for the accumulation or exclusion of the solute in the water of hydra-
tion of these surfaces relative to bulk water are obtained. We used model
compounds representing protein surface types to obtain Kp values for urea
and GB, revealing that urea accumulates moderately at amide O and weakly
at aliphatic C, while GB is excluded from both. These results provide both ther-
modynamic and molecular explanations for the opposite effects of urea and GB
on protein stability, as well as deductions about strengths of amide NH - amide
O and amide NH - amide N hydrogen bonds relative to hydrogen bonds to
water. Urea and GB m-values for protein folding and other protein processes
are interpreted and predicted using these interaction potentials or Kp values.
We also determine interactions of these solutes with nucleic acid surface types
to develop the ability to probe protein-nucleic acid interactions.
Supported by NIH GM47022.
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Several osmolytes ranging in size from ~90-1600 cm3.mol-1 are shown to sta-
bilize the folded states of apo-Mb at pH denaturing conditions. The action of
